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REMARKS 

In view of the following discussion, the Applicants submit that none of the claims 
now pending In the application is anticipated under the provisions of 35 U.S.C. § 102 or 
made obvious under the provisions of 35 U.S.C. § 103. Thus, the Applicants believe 
that all of these claims are now in allowable form. 

L REJECTION OF CLAIMS 1-4, 6, 8-11, 13, 15, 21-24, 26 AND 28-31 UNDER 3S 
aS.C. S 102 

Claims 1-4, 6, 8-11, 13, 15, 21-24, 26 and 28-31 stand rejected as being 
anticipated by the Shirane et al. application (United States Patent Application 
Publication No. 2002/0146196, published October 10, 2002, hereinafter ''Shirane*). In 
response, the Applicants have amended independent claims 1 and 21, from which 
claims 2-4, 6, 8-11. 13, 15, 22-24, 26 and 28-31 depend. In order to more clearly recite 
aspects of the invention. 

Shirane teaches an optical switch having a photonic crystal structure. In 
particular, the switch Includes a core photonic crystal layer sandwiched between two 
layers of dielectric material. The photonic crystal layer Includes a line-defect optical 
waveguide. An n-type region is fomied adjacent to a portion of one side of the line- 
defect waveguide, while a p-type region is formed adjacent to a portion of the opposite 
side of the line defect region. The n-type region includes an n-type ohmic electrode, 
while the p-type region includes a p-type ohmic electrode. 

The Examiner's attention is respectfully directed to the fact that Shirane fails to 
teach, show or suggest the novel invention of positioning lateral electrical contacts to 
provide electrical control along substantiallv an entire length of a waveguide , as 
positively claimed in the Applicants' amended independent claims 1 and 21. 
Specifically, Applicants' claims 1 and 21, as amended, recite: 

1 . An apparatus comprising: 

a photonic crystal having a layer where light is guided or is confined; and 
at least one lateral electrical contact coupled to said layer of the photonic 
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crystal, said at least one lateral electrical contact positioned to provide electrical 
control along substantially an entire length of said layer . (Emphasis added) 

21. A method for applying electrical control to a photonic crystal structure 
comprising: 

providing a photonic crystal having a layer where light is guided; 

coupling at least one lateral electrical contact to said layer of the photonic 
crystal, said at least one lateral electrical contact positioned to provide electrical 
control along substantially an entire length of said layer : and 

applying a voltage to the at least one lateral electrical contact. (Emphasis 
added) 

The Applicants' Invention is directed to a method and apparatus for forming 
lateral electrical contacts for photonic crystal devices. To date, it has proven extremely 
difficult to combine electrical control with high refractive index, high confinement 
systems without distorting the optical field and Inducing unwanted absorption. Thus, 
efforts to integrate electronic control with photonic crystal devices are confronted with 
two competing concerns: (1) the need to place electrical contacts as close to the optical 
mode as possible to achieve optimal control; and (2) the need to space the electrical 
contacts far enough away from the optical mode to minimize distortion and absorption. 

The Applicants' invention addresses these concerns by providing a photonic 
crystal structure including a substrate having a plurality of rows of apertures formed 
therethrough (creating a lattice) and a waveguide (where incident light is guided or 
confined) formed through the lattice (e.g., by removing one or more rows of apertures). 
The photonic crystal structure further includes a pair of lateral electrical contacts, each 
contact being positioned laterally relative to one side of the waveguide and spaced a 
distance away from the waveguide by at least one row of apertures that optically 
isolates that contacts from the waveguide. The contacts each extend along 
substantially the entire length of the waveguide, thereby providing a means for electrical 
control along the entire length. By applying voltages to the contacts, effects such as 
thermo-optic control of the waveguide, current injection and other photonic crystal 
applications can be achieved. 
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By contrast, Shirane provides only regional electrical control of the waveguide. 
That is, as best as can be understood from Shirane's disclosure and Figures {i.e.. 
Figures 1 1 and 12). the n- and p-type ohmic electrodes are positioned to provide cunrent 
only along localized portions of the line-defect optical waveguide. The photonic crystal 
device claimed by the Applicants provides superior electrical control of a photonic 
crystal waveguide by positioning lateral electrical contacts along substantiallv the entire 
length of the waveguide , thereby achieving more consistent themio-optic control along 
the length of the waveguide. The consistency of such an approach is preferable for 
applications such as photodetection. high-frequency switching and optical modulation, 
among others. Shirane does not teach, show or suggest positioning lateral electrical 
contacts along the sides of a photonic crystal waveguide in such a way as to provide 
electrical control over substantiallv the entire length of th e waveguide, as claimed by the 
Applicants in independent claims 1 and 21. As such, the Applicants submit that claims 
1 and 21 are not anticipated by the teachings of Shirane. Therefore, the Applicants 
submit claims 1 and 21 fully satisfy the requirements of 35 U.S.C. §102 and are 
patentable thereunder. 

Claims 2-4, 6, 8-11, 13. 15, 22-24, 26 and 28-31 depend from claims 1 and 21 
and recite additional limitations therefore. Accordingly, and for at least the same 
reasons set forth above, the Applicants respectfully submit that claims 2-4, 6, 8-11, 13, 
15, 22-24, 26 and 28-31 also are not anticipated by the teachings of Shirane. 
Therefore, the Applicants submit claims 2-4, 6. 8-11, 13, 15, 22-24, 26 and 28-31 also 
fully satisfy the requirements of 35 U.S.C. §102 and are patentable thereunder. 

11. REJECTION OF CLAIMS 1. S. 7. 12. 14. 16 -20. 21. 25. 27 AND 32-36 UNDER 35 
U.S.C.S103 

1. Claims 1,5, 7, 12, 14, 21, 25 and 27 

Claims 1, 5, 7. 12, 14. 21, 25 and 27 stand rejected as being obvious over 
Shirane. In response, the Applicants have amended Independent claims 1 and 21, from 
which claims 5, 7, 12, 14. 25 and 27 depend, as discussed above in order to more 
clearly recite aspects of the present invention. 
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As discussed above. Shirane does not teach, show or suggest positioning lateral 
electrical contacts along the sides of a photonic crystal waveguide in such a way as to 
provide electrical control over substantially the entire length of the waveguide, as 
claimed by the Applicants in independent claims 1 and 21. As such, the Applicants 
submit that claims 1 and 21 are not made obvious by the teachings of Shirane. 
Therefore, the Applicants submit claims 1 and 21 fully satisfy the requirements of 35 
U.S.C. §103 and are patentable thereunder. 

Claims 6. 7, 12, 14, 25 and 27 depend from claims 1 and 21 and recite additional 
limitations therefore. Accordingly, and for at least the same reasons set forth above, the 
Applicants respectfully submit that claims 5, 7, 12. 14, 25 and 27 also are not made 
obvious by the teachings of Shirane. Therefore, the Applicants submit claims 5, 7, 12, 
14, 25 and 27 also fully satisfy the requirements of 35 U.S.C. §103 and are patentable 
thereunder. 

2. Claims 16-20 

Claims 16-20 stand rejected as being obvious over Shirane In view of the Baba 
et al. patent (United States Patent No. 6,522.448, issued February 18, 2003, hereinafter 
"Baba"). In response, the Applicants have amended independent claim 1 , from which 
claims 16-20 depend, as discussed above in order to more cleariy recite aspects of the 
present invention. 

As discussed above, Shirane does not teach, show or suggest positioning lateral 
electrical contacts along the sides of a photonic crystal waveguide in such a way as to 
provide electrical control over substantiallv the entire length of the waveguide , as 
claimed by the Applicants in independent claim 1 Baba does not bridge this gap in the 
teachings of Shirane. As such, the Applicants submit that claim 1 is not made obvious 
by the teachings of Shirane In view of Baba. Therefore, the Applicants submit claim 1 
fully satisfies the requirements of 35 U.S.C. §103 and is patentable thereunder 

Claims 16-20 depend from claim 1 and recite additional limitations therefore. 
Accordingly, and for at least the same reasons set forth above, the Applicants 
respectfully submit that claims 16-20 are also not made obvious by the teachings of 
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Shirane in view of Baba. Therefore, the Applicants submit claims 16-20 also fully satisfy 
the requirements of 35 U.S.C. §103 and are patentable thereunder. 

3. Claims 32-36 

Claims 32-36 stand rejected as being obvious over Shirane in view of the 
Montgomery et al. patent (United States Patent No. 6,845,198, issued January 18. 
2005, hereinafter "Montgomery"). In response, the Applicants have amended 
independent claim 32, from which claims 33-36 depend, as discussed above in order to 
more clearly recite aspects of the present invention. 

In particular, independent claim 32 has been amended to recite: 



32. A method for thermo-optic control of a photonic crystal structure 
comprising: 

providing a photonic crystal comprising: 
a substrate; 

a plurality of apertures formed through the substrate; and 
a waveguide fornied through the plurality of apertures, substantially 
proximate to the middle of the substrate; 

forming a first lateral electrical contact proximate to the waveguide, the 
first lateral electrical contact being optically isolated from the waveguide by the 
plurality of apertures; 

forming a second lateral electrical contact proximate to the waveguide, the 
second lateral electrical contact being optically isolated from the waveguide by 
the plurality of apertures, said first lateral electrical contact and said second 
lateral electrical contact being positioned to provide electrical control along 
substantially an entire lencth of said layer : and 

sequentially heating and cooling the substrate. (Emphasis added) 

As discussed above, Shirane does not teach, show or suggest positioning lateral 
electrical contacts along the sides of a photonic crystal waveguide in such a way as to 
provide electrical control over substantiallv the entire lenoth o f the waveouide. as 
claimed by the Applicants in independent claim 32. Montgomery does not bridge this 
gap in the teachings of Shirane. As such, the Applicants submit that claim 32 is not 
made obvious by the teachings of Shirane in view of Montgomery. Therefore, the 
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Applicants submit claim 32 fully satisfies the requirements of 35 U.S.C. §103 and is 
patentable thereunder. 

Claims 33-36 depend from claim 32 and recite additional limitations therefore. 
Accordingly, and for at least the same reasons set forth above, the Applicants 
respectfully submit that claims 33-36 are also not made obvious by the teachings of 
Shirane in view of Montgomery. Therefore, the Applicants submit claims 33-36 also 
fully satisfy the requirements of 35 U.S.C. §103 and are patentable thereunder. 

Ill, CONCLUSION 

Thus, the Applicants submit that all of the presented claims fully satisfy the 
requirements of 35 U.S.C. §102 and 35 U.S.C. §103, Consequently, the Applicants 
believe that all of the presented claims are presently in condition for allowance. 
Accordingly, both reconsideration of this application and its swift passage to issue are 
earnestly solicited. 

If, however, the Examiner believes that there are any unresolved issues requiring 
the issuance of a final action in any of the claims now pending in the application, it is 
requested that the Examiner telephone Mr. Kin-Wah Tonq. Esq. at (732) 530-9404 so 
that appropriate anrangements can be made for resolving such issues as expeditiously 
as possible. 

Respectfully submitted. 

Date 

Patterson & Sheridan, LLP 
595 Shrewsbury Avenue 
Shrewsbury, New Jersey 07702 




Kin-Wah Tong, Attorney 
Reg. No. 39,400 
(732) 530-9404 
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